Background: Studies of the relationship between cannabis use and cognitive functioning in patients with psychosis have yielded contradictory findings. In individuals at genetic high risk for psychosis, information is sparse. The aim of this study was to assess the association between recency and frequency of cannabis use and cognitive functioning in patients with psychosis and their unaffected siblings.
INTRODUCTION
Cognitive impairment is recognized as a core feature of schizophrenia (Green, 1996; Palmer et al. 2009 ). Mild cognitive alterations are also observed in unaffected relatives of patients who are at increased risk to develop a psychotic disorder (Snitz et al. 2006) . In both patients with psychosis and their unaffected siblings, cannabis use is more prevalent than in the general population (Barnes et al. 2006 ; Smith et al. 2008 ). In patients with psychosis, cannabis use has been associated with worse disease outcome (Linszen et al. 1994) . In unaffected siblings the psychotomimetic effect of cannabis is increased compared to control subjects, suggesting that familial liability to psychosis is associated with sensitivity to cannabis (van Winkel, 2011; Genetic Risk and Outcome of Psychosis (GROUP) Investigators, 2011). Whether cannabis use is also associated with cognitive alterations in patients with psychosis and their unaffected relatives is however still a matter of debate.
Acute administration of the major psychoactive component in cannabis (∆
9
-tetrahydrocannabinol; THC) has been shown to cause impaired attention and memory in schizophrenia patients and their unaffected siblings (D'Souza et al. 2005 ; Henquet et al. 2006) . These impairments in patients and siblings were larger compared to those in healthy controls, suggesting an increased sensitivity to the adverse cognitive effects of acute cannabinoid administration. On the contrary, better cognitive functioning has also been reported in cannabis using patients compared to non-using patients on tasks of planning and reasoning, visual memory, processing speed, global cognition and working memory (Coulston et al. 2007a ; Potvin et al. 2008 ; Loberg and Hugdahl, 2009; Yücel et al. 2010) .
This superior cognitive functioning in cannabis using patients seems counterintuitive given the deleterious cognitive effects that have been reported in cannabis using control subjects (Solowij and Michie, 2007; Morrison et al. 2009 ). Two hypotheses attempt to explain these results. First, it has been suggested that cannabis improves cognition, either by counteracting a putative neurotoxic process related to schizophrenia, or by stimulating prefrontal neurotransmission (Verrico et Cohen et al. 2008) . Secondly, it has been suggested that causality is the other way around. In this view, patients with psychotic disorder and lifetime cannabis use may form a subgroup with a relatively lower genetic vulnerability for psychosis and better premorbid functioning compared to patients who have never used cannabis (Schnell et al. 2009 ; de la Serna et al. 2010; Yücel et al. 2010) .
Elucidating the association between cannabis use and cognitive functioning in patients and individuals at genetic high risk for psychosis is of both theoretical and clinical relevance (Loberg and Hugdahl, 2009 ). Whilst spared cognitive functioning through cannabis use would be relevant for the development of cognitive enhancing medication, a further cognitive decline associated with cannabis use should stimulate development of interventions aiming at a reduction of cannabis use.
It seems essential to account for the recency of cannabis use in studies on the association between cannabis and cognitive functioning, since contradictory findings between acute administration and lifetime cannabis use have been found 
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In addition, the frequency of cannabis use should be taken into account in order to investigate dose-response relationships (Coulston et al. 2007a ). Thus, the aim of the present study was to investigate if cognitive performance differs between cannabis users and non-users depending on the recency and frequency of use. Moreover, we wanted to investigate whether these associations are different in patients with non-affective psychosis, their unaffected siblings and control subjects. Our first hypothesis was that current cannabis use would be associated with worse cognitive functioning in the three Status groups (patient, sibling, control), and that this association would be stronger with increasing frequency of use over the past year. Our second hypothesis was that there would be an interaction between Status and Cannabis in lifetime users. We expected lifetime cannabis use to be associated with better cognitive functioning in patients as suggested by Yücel et al. (2010) , while we expected no such association in siblings and controls.
METHODS

Study design and population
Data pertain to baseline measures of a longitudinal study (Genetic Risk and Outcome in Psychosis [GROUP]) in the Netherlands and Belgium. In selected representative geographical areas, patients were identified through clinicians working in regional psychotic disorder services whose caseloads were screened for inclusion criteria. Subsequently, a group of patients presenting consecutively at these services as either outpatients or inpatients were recruited for the study. Controls were selected through a system of random mailings to addresses in the catchment areas of the cases.
Inclusion criteria for patients, siblings and controls were (1) age range of 16 to 50 years and (2) good command of the Dutch language. Patients had to meet DSM-IV-TR criteria for a non-affective psychotic disorder (APA 2000) which was assessed with the Comprehensive Assessment of Symptoms and History interview (CASH; Andreasen et al. 1992) or the Schedules for Clinical Assessment in Neuropsychiatry version 2.1 (SCAN; Wing et al. 1990 ). Exclusion criteria for healthy controls were a history of psychotic disorder or a first-degree family member with a history of psychotic disorder.
The study protocol was approved centrally by the Ethical Review Board of the University Medical Centre Utrecht and subsequently by local review boards of each participating institute. All of the subjects gave written informed consent in accordance with the committee's guidelines.
Substance use and clinical symptoms
Substance use was assessed with a short version of the Composite International Diagnostic Interview (CIDI; World Health Organization 1990) sections B (tobacco use), J (alcohol use) and L (substance use), and with urinalysis. Urine was screened for the presence of THC with a cut off of 50ng/ml, in order to infer a detection window of one month. Cannabis Recency was categorized as current (urinalysis positive for THC), lifetime (urinalysis negative AND 21 cannabis use ≥ 5 times lifetime based on the CIDI), and never (urinalysis negative and cannabis use <5 times lifetime based on the CIDI). Although this latter group may have included subjects who had limited experience with cannabis, for simplicity this group is referred to as 'neverusers'. Cannabis Frequency over the past year was categorized as daily, weekly, or less than weekly, based on the CIDI. Severity of positive and negative symptoms in patients was rated with the Positive and Negative Syndrome Scale (PANSS) with total scores for positive, negative and general symptoms (Kay et al. 1987) .
Cognitive assessment
The cognitive assessment took 90 to 120 minutes. Subjects were administered 10 cognitive tasks that yielded 13 outcome parameters which were used as dependent variables in the analyses. Verbal learning was assessed using the Word Learning Task (WLT; Brand et al. 1985) with outcome parameters of immediate recall (15- 
Statistical procedures
Differences in demographic and substance use characteristics between patients, siblings and controls were tested with one way analysis of variance (ANOVA) or χ 2 tests. Differences in demographic and clinical characteristics between cannabis using patients (current and lifetime combined) and never using patients were tested with independent t-tests and χ 2 tests. These tests were two-tailed with a significance level of 0.05.
Furthermore, we used a three step procedure to assess the effect of Status (patient, sibling, control) and Cannabis Recency (current, lifetime, never) on cognitive functioning in the entire study sample (n=2463). In the first step we built a random effect regression model for each cognitive functioning outcome. Cognitive functioning was the dependent variable and Status, Cannabis Recency, and the Status by Cannabis Recency interaction were independent variables as the fixed part of the model. To take dependency of the data into account, because of intrafamily correlation between patients and siblings, family was entered as a random factor with a random intercept into this regression model. For the effect of Status, controls were set as the reference category, against which patients and siblings were compared. For the effect of Cannabis Recency, never users were set as the reference category, against which current and 22 lifetime users were compared. Additionally, regression analyses were repeated with current users as the reference category in order to test significant differences between current and lifetime cannabis user groups.
A similar model was built for the 612 subjects who had used cannabis in the preceding year to assess the effect of Cannabis Frequency (daily, weekly, less) on cognitive functioning. Frequency of use over the past year was chosen over frequency of lifetime use, because self report over a more recent period is less likely to be subject to recollection bias. Moreover, any frequency effects of cannabis use may be confounded by the time that has elapsed since the last use. While this timeframe may be highly variable in lifetime users (up to ten years or more), in past year users this is limited. Cognitive functioning was the dependent variable and Status, Cannabis Frequency, and the Status by Cannabis Frequency interaction were independent variables as the fixed part of the model. Family was entered as a random factor with a random intercept. Less than weekly users were set as a reference category, against which the more frequent user groups were compared.
In the second step we identified relevant confounders. Potential confounders that have been mentioned previously (Coulston et al. 2007b; Potvin et al. 2008) were entered separately into the regression models as covariates. A potential confounder was considered a true confounder if adding the confounder to the regression model changed the effect estimates by 10% or more. The following covariates were tested: age, gender, heavy alcohol use (>14 units weekly for women and >20 units weekly for men), current nicotine use, a history of illicit substance use other than cannabis over the past year (cocaine, amphetamines, XTC, opiates, inhalants, hallucinogens), and highest parental education (ranging from 1 = primary school to 8 = university). In analyses with the Degraded Facial Affect Recognition task as the dependent variable, the scores on the Benton Face Recognition Task were added to the covariate set in order to differentiate facial affect recognition from non-emotional face processing skills.
In the third step the covariate set was added to the fixed part of the random effect regression models. If the Status by Cannabis Recency (or Cannabis Frequency) interaction term was not statistically significant, it was removed from the model and analyses were repeated with the random effect model containing only the main effects and covariates.
Since the 13 cognitive outcome parameters came from 10 cognitive tests, we divided the alpha level for the statistical tests by 10. Adjustment for 13 comparisons was considered too conservative, since outcome parameters derived from the same test were strongly correlated (e.g. Accuracy and Reaction Time as two outcome parameters of the CPT-HQ and the RST). Due to the high power caused by the large n, effect sizes (Cohen's d) were calculated to distinguish relevant effects from trivial but statistical significant effects.
Normality of the dependent variables (cognitive functioning) was checked visually with histograms and box plots and confirmed if the test-statistic W in the Shapiro Wilk test exceeded 0.90. Eleven out of thirteen dependent variables were normally distributed. Due to ceiling effects, parameters for CPT Accuracy and the Hinting Task were not normally distributed. Since a logarithmic transformation did not result in a normal distribution these scores were dichotomized into 'affected' and 'unaffected' individuals. 'Affected' for the CPT Accuracy (range 0-100%) was defined as <100% accurate responses (=51.6% of total sample) and for the Hinting Task (range 0-20) as a score <20 (=57.8% of total sample). Generalized estimating equations (GEE) analyses were used to assess the effect of the independent variables on these two dichotomous outcomes (Hanley et al. 2003) . The GEE models were analyzed in addition to the random effect regression models and built in the same way. To minimize the risk of type I errors, the analysis yielding the most conservative results for these two cognitive outcomes was selected for the discussion. Analyses were performed using SPSS 17.0 for Windows.
RESULTS
Characteristics of the study sample
The GROUP sample consisted of 1120 patients with non-affective psychotic disorder, 1057 siblings of these patients and 590 unrelated controls. Subjects that had not performed cognitive testing (n=42) and subjects without a valid drug urine screening (n=255) were excluded from the current study. Seven subjects with a negative urine screening were excluded because information on lifetime cannabis use was missing. Analyses were performed on the remaining 2463 subjects (956 patients, 953 unaffected siblings, 554 controls). DSM-IV-TR diagnoses of the patients were as follows: schizophrenia (DSM-IV 295.1/ 295.2/ 295.3/ 295.6/ 295.9; n=681, 71.2%), schizoaffective disorder (DSM-IV 295.7; n = 111, 11.6%), other psychotic disorders (DSM-IV 297/ 298; n= 145, 15.2%) and psychotic illness in the context of substance-abuse or somatic illness (n=8, 0.8%). Eleven patients (1.2%) had a final diagnosis of affective psychosis although fulfilling criteria for a clinical diagnosis of non-affective psychosis at study entry.
As presented in Table 1 , control subjects were older (30.2 years) than patients (27.3 years) and siblings (27.9 years). Males were overrepresented in the patient group (76.4%) compared to siblings (45.4%) and controls (45.5%). Parental educational degree and subject educational degree was lowest in patients. Of all subjects, 38.3% (n=943) had used cannabis lifetime and 10.5% (n=258) were current cannabis users. Patients and siblings were more likely to be current or lifetime cannabis users compared to controls. Regarding the frequency of cannabis use over the past year, patients and siblings were more likely to be daily users compared to controls. Patients were also more likely to be using nicotine or illicit substances compared to siblings and controls. Groups did not differ in the proportion of heavy alcohol users. Table 2 shows that patients with current or lifetime cannabis use were 2.4 years younger and more often male compared to never using patients. Current and lifetime cannabis using patients had lower functioning on the GAF disability scale (52.9 vs. 58.3), higher PANSS positive symptoms (14.6 vs. 12.4), but similar PANSS negative symptoms compared to patients who had never used cannabis. In both groups around 85% of patients received treatment with antipsychotics.
Cannabis Recency
In the current user group (n=258), 59 .4% was using daily, 30.3% weekly and 10.3% less than weekly. The lifetime user group (n=943) consisted of 44.1% daily users, 25.7% weekly users and 30.2% less than weekly users. The never user group consisted of 1262 subjects. The interaction term between Status (patient, sibling, control) and Cannabis Recency (current, lifetime, never) was not statistically significant for any of the cognitive variables and was therefore removed from the regression models. Figure 1c demonstrates that patients performed worse than controls on all cognitive parameters except RST reaction time, 25 
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We illustrate this with an example. On the Word Learning Test-immediate recall (WLT-IR) patients score -0.95 SD from control mean (Figure 1c ). Moreover, current cannabis users score -0.2 SD from never users (Figure 1a) . Therefore, the mean score of current cannabis using patients lays -1.15 SD from the mean score of never using controls. 
Discussion
The aim of this cross-sectional study was to investigate how recency and frequency of cannabis use are associated with cognitive performance in patients with non-affective psychosis, their unaffected siblings and control subjects. In line with our first hypothesis, current cannabis use was associated with worse performance on immediate verbal learning, processing speed and working memory and this association did not differ between the three Status groups. However, against our expectations, an increasing frequency of cannabis use over the past year was not associated with worse cognitive performance. Our second hypothesis was partly supported. While lifetime cannabis use was indeed 
Cannabis Frequency
The interaction term between Status (patient, sibling, control) and Cannabis Frequency (daily, weekly, less) was not statistically significant for any of the cognitive variables and was therefore removed from the regression models. In the resulting model, including Status, Cannabis Frequency and relevant confounders, there was no significant effect of Cannabis Frequency on any of the cognitive parameters (Figure 1b) . GEE analyses confirmed the mixed-model regression results for the not normally distributed data. For CPT-Accuracy, the proportion of 'affected' individuals was not significantly different within daily (57.1%), weekly (59.6%) and less frequent users (52.6%), Wald χ 2 (2)=1.87, p=0.39. For the Hinting Task, the proportion of 'affected' individuals was not significantly different within daily (70.7%), weekly (60.5%) and less frequent users (60.9%), Wald χ 2 (2)=1.74, p=0.42.
Status
Although not a primary aim of this study, the main effects of Status on cognitive functioning are outlined in Figure 1c in order to facilitate interpretation of the results. The main effects of Cannabis (Recency and Frequency) have been assessed in random effect regression models together with the main effect of Status and the interaction between Cannabis and Status. The interaction terms were nonsignificant and main effects of Cannabis and Status on cognitive functioning should thus be added. We illustrate this with an example. On the Word Learning Test-immediate recall (WLT-IR) patients score -0.95 SD from control mean (Figure 1c ). Moreover, current cannabis users score -0.2 SD from never users (Figure 1a) . Therefore, the mean score of current cannabis using patients lays -1.15 SD from the mean score of never using controls.
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DISCUSSION
The aim of this cross-sectional study was to investigate how recency and frequency of cannabis use are associated with cognitive performance in patients with non-affective psychosis, their unaffected siblings and control subjects. In line with our first hypothesis, current cannabis use was associated with worse performance on immediate verbal learning, processing speed and working memory and this association did not differ between the three Status groups. However, against our expectations, an increasing frequency of cannabis use over the past year was not associated with worse cognitive performance. Our second hypothesis was partly supported. While lifetime cannabis use was indeed associated with better performance on acquired knowledge, affect recognition and face identity recognition in patients, this association also applied to unaffected siblings and controls. Effect sizes of these associations were in the small range which may explain why previous studies that included smaller sample sizes have found contradictory results (Coulston et al. 2007b ). The interpretation of the results is discussed here. As the comparison of cognitive performance between patients, siblings and controls ( Figure 1c) was not the primary aim of this study, we refer to our baseline study on cognitive assessment in GROUP for further interpretation of these results (Meijer et al. submitted) .
A negative association between cognitive functioning and current-but not lifetimecannabis use is likely to result from a residue of cannabinoids in the central nervous system. In contrast with our finding of worse processing speed in current users, the majority of studies in schizophrenia patients reported either absent, or even positive effects of both current and lifetime cannabis use on visual processing speed (Sevy et Of those subjects who had used cannabis over the past year, daily or weekly users did not perform significantly different compared to less frequent users. Although these findings seem counterintuitive, they are corroborated by the literature in schizophrenia patients (RodriguezSanchez et al. 2010) and in healthy subjects (Pope, Jr. et al. 2002) . Tolerance for the adverse cognitive effects of cannabis in more frequent users might have accounted for the absence of a dose-response relationship on cognitive functioning (Ramaekers et al. 2009 ). Another explanation may be that the subdivision of frequency into daily, weekly and less frequent use was not sensitive enough to detect a dose-response relationship.
Our finding that lifetime cannabis use was not associated with worse cognitive functioning is in line with a recent review that reported no convincing evidence for sustained cognitive impairments in adult abstinent cannabis users (Van Holst and Schilt, 2011). On the other hand, both current and lifetime cannabis users performed better than never users on acquired knowledge. Better acquired knowledge in current users may reflect the fact that current users are also lifetime users, since it is unlikely that they started using cannabis in the past month. In addition, we found that lifetime cannabis users performed better than never users on tasks of facial affect recognition and face identity recognition. Research on the association between cannabis use and facial affect and identity processing is sparse in both patients and controls. One study reported that patients who had used cannabis prior to psychosis onset showed a relative sparing of face identity recognition at 10-12 year follow-up, but this difference was lost after co-varying for age at psychosis onset (Stirling et al. 2005) . In non-psychotic polysubstance users, cannabis use was not associated with quality of facial affect recognition, but this association might have been confounded by differing effects of other substances (Fernandez-Serrano et al. 2011) .
A positive association between lifetime cannabis use and cognitive functioning may seem counterintuitive given the detrimental effects in acute administration studies (D'Souza et al. 2005; Morrison et al. 2009 ). It has been suggested that substance using patients might need better cognitive and social skills in order to maintain an illicit substance use (Joyal et al. 2003; Potvin et al. 2005) , but in the Netherlands cannabis is not illegal and can be purchased with lesser restrictions. In other words, subjects do not need superior social functioning to obtain cannabis. Our findings are however in correspondence with a recent meta-analysis reporting that superior neuropsychological functioning in cannabis using schizophrenia patients was largely driven by studies that included lifetime users rather than current or recent users (Yücel et al. 2010) . Our results support the hypothesis that cannabis using patients might constitute a subgroup of patients that is intrinsically less vulnerable for schizophrenia than patients who have never used cannabis (Zubin et al. 1977; Mueser et al. 1998) . Once triggered, a druginduced non-affective psychotic illness may be indistinguishable from psychosis due to a sufficient amount of biological vulnerability, although premorbid functioning and cognitive resilience may be better.
This developmental model has been supported by various studies that investigated the order in which cannabis use and psychosis occur. Three studies found that cognitive functioning 29 was specifically preserved in patients who had started cannabis consumption before disease onset (Stirling et al. 2005; Rodriguez-Sanchez et al. 2010) or before the age of 17 (JockersScherubl et al. 2007 ). These studies suggest that it is not the cognitive effect of cannabis per se, but the contribution of cannabis to disease onset that explains better cognitive functioning in cannabis using patients. Secondly, evidence from follow-up studies suggests that acutely admitted psychotic patients using cannabis have a higher recovery potential for both cognitive and clinical parameters, especially after cessation of cannabis use (Loberg and It should however be stressed that lifetime cannabis use in our patients was associated with a lower educational degree. In healthy individuals, adolescent cannabis use is known to increase the risk of poor school performance and in particular early school leaving (Lynskey and Hall, 2000) . Cannabis use is also known to impact negatively upon later employment in control subjects (Fergusson and Boden, 2008 ) and the impact may be even more severe in a cognitively vulnerable population of psychotic patients.
Other than in patients with psychosis and healthy controls, evidence on the association between cannabis use and cognition in genetic high risk subjects is sparse. In agreement with our results, Henquet (2006) found that acute THC administration in unaffected siblings and control subjects was associated with a cognitive decline in domains of verbal memory and processing speed. In addition, preliminary evidence suggested that sensitivity to the cognitive effects of THC might be moderated by a functional polymorphism in the catechol-Omethyltransferase (COMT) gene that is also known to moderate the risk to develop psychosis in reaction to cannabis use (Henquet et al. 2006 ). The present study is to our knowledge the first observational study to assess the relationship between daily-life cannabis use and cognitive functioning in genetic high risk subjects.
Finally, a significant interaction term would have indicated that the association between cannabis use and cognitive functioning was different between patients, siblings and controls but this was not the case. , we did not replicate this finding. A first explanation might be that such an interaction effect is restricted to the first hours following acute intoxication of cannabis and not applicable to effects resulting from a residue of cannabinoids in the brain. A second difference in study methodologies is the psychoactive substance of use. While previous studies found an interaction effect on cognitive functioning between psychosis vulnerability and THC, we assessed associations with current, daily-life cannabis use. Contrary to cannabis, THC is a synthetic preparation that is devoid of cannabidiol, which is a potential inhibitor of pharmacological effects of CB1 agonists (Pertwee, 2008) . Further research needs to clarify the association between individual cannabis components and cognitive functioning in individuals with psychosis and their unaffected relatives. 30 Despite the absence of an interaction effect, our findings do not imply that campaigns to discourage cannabis use are without merit. The adverse effects of cannabis use on psychotic symptomatology are well acknowledged in both patients (Linszen et al. 1994; Macleod, 2007; Castle, 2008 ) and individuals at genetic risk for psychosis (Caspi et al. 2005 ; Genetic Risk and Outcome of Psychosis (GROUP) Investigators, 2011).
The following limitations should be taken into account. First, the cross-sectional design restricts the drawing of causal inferences between cannabis use and cognitive functioning. Second, we cannot fully exclude the possibility that some of the current users in our study were tested within less than 24 hours after cannabis consumption so that the effects measured were those of acute intoxication. However, instructing frequent users to abstain from cannabis use before testing could have a negative effect on cognition as well, similar to those of acute intoxication (Pope, Jr. et al. 2002) . Third, it should be acknowledged that the amount of cannabis use in the lifetime user group could have been highly variable (ranging from 5 times to >100 times) which may have led to a dilution of cannabis effects. Hence, we cannot exclude that higher quantities of lifetime cannabis use may have had a significant harmful effect on cognitive functioning. On the other hand, using 5 times or more as a cut-off for lifetime use is likely to select out most of the users who have experimented with cannabis without proceeding into continued use. This is illustrated by Perkonigg et al. (2008) , who refer to the use of cannabis of 5 times or more as 'repeated use'. Their study on the longterm natural course of cannabis use in a community sample of adolescents revealed that these repeated users were almost three times more likely to report cannabis use at 10-year follow up (OR = 2.8, 95% CI = 1.6-4.7) compared with those who had used cannabis fewer than 5 times.
The strength of this study is that, due to the comprehensive database of the GROUP study, we were able to address recommendations that have been made in prior studies (Coulston et al. 2007b; Yücel et al. 2010) , such as investigating both recency and frequency of cannabis use, the inclusion of a cannabis-using control group, biological validation of self-report cannabis measures by urine drug screening, the assessment of a broad range of cognitive measures and controlling for a range of possible confounders. Furthermore, the current study expanded on existing studies by the inclusion of unaffected siblings, so that we were able to draw conclusions on the association between cannabis and cognition in people at genetic high risk for psychosis.
Our findings implicate that cannabis use in patients, siblings and controls is associated with differences in cognitive performance, depending on the recency of use. Current cannabis users perform worse on tasks of short-term memory and processing speed which may reflect residual effects. Lifetime cannabis users perform better on social cognition and acquired knowledge, which is more likely to result from lower biological vulnerability and higher premorbid functioning rather than an effect of cannabis itself. This discrepancy between potential and actual performance is clinically relevant for those patients whose cannabis use might complicate a potentially less severe course of psychosis. Studies with a longitudinal, prospective design may optimally address this issue, as it permits within-subject comparisons of cognitive performance before initiation and after cessation of cannabis use.
